Knowledge management (KM) is now widely recognized to be important to the success or failure of business management. Seeking to better understand the determinants of the evolution of KM, this study focuses on two main problems: (1) whether firms change their KM processes over time to improve KM effectiveness as well as develop their KM practices, and (2) whether socio-technical support results in more mature KM practices. This study draws on the previous literature to identify key dimensions of KM process (knowledge acquisition, knowledge conversion, knowledge application and knowledge protection), KM effectiveness (individual-level and organizational-level KM effectiveness) and socio-technical support (organizational support and information technology diffusion). The evolution of these dimensions is studied in the form of a stage model of KM that includes initiation, development, and mature stages. Data gathered from 141 senior executives in large Taiwanese organizations were employed to test the propositions. The results show that different stages of KM evolution can be distinguished across dimensions of KM process, KM effectiveness, and socio-technical support. Implications for organizations are also discussed.
Introduction
Knowledge management (KM) is important because knowledge is one of the key strategic resources that can produce sustained long-term competitive advantage [1, 2] . KM describes the strategies and processes of acquiring, converting, applying, and protecting knowledge to improve firms' competitiveness. Generally, KM practices are considered a process involving the management of all knowledge to meet existing and emerging needs, identify and exploit existing and acquired knowledge assets and develop new opportunities [3] . Although the importance of KM for in response to actual or suspected problems or opportunities. Organizational learning influences knowledge acquisition in two ways. First, it facilitates the rapid collection of know-how to solve specific problems based on existing knowledge. Second, firms use organizational learning to create new premises (such as paradigms, schemata, mental modes, or perspectives) to override existing knowledge. Once these two kinds of learning have been encouraged, the firm can obtain knowledge from both internal and external sources.
The knowledge conversion process represents the business process by rendering existing knowledge useful. Knowledge conversion involves organizing, structuring, storing, combining, and linking digital storage such as documents and images with knowledge units. Firms need to organize and structure knowledge to make it easier for employees to access [6, 16] . Storing knowledge in properly indexed and inter-linked knowledge repositories can then increase knowledge exploitation by making knowledge easily accessible [8, 17] . Moreover, combining and integrating knowledge can reduce redundancy, improve representational consistency, and enhance efficiency by eliminating excess volume [18] .
The knowledge application process is the process of making knowledge active and relevant for the firm in creating value. For example, it is argued that knowledge application involves retrieving and using knowledge in support of decisions, actions, and problem solving and thus generates and sustains competitiveness [19] . Using knowledge involves interaction between tacit and explicit knowledge, leading to adjusted strategic direction, problem solving, and improved efficiency [8] . Davenport and Klahr [18] also noted that the effective application of knowledge has helped firms improve their innovation performance and reduce costs. In reality, knowledge must be shared and distributed throughout an organization before it can be exploited at the organizational level [6, 20] . The extent to which a firm succeeds in distributing knowledge depends on effective knowledge application and the quantity of useful knowledge available in the firm.
The knowledge protection process refers to the ability to protect organizational knowledge from illegal or inappropriate use or theft. Protecting a firm's knowledge is necessary to preserve its competitive advantage [21] . From a legal perspective, firms can protect their knowledge through intellectual property rights such as copyrights, trademarks, and patents. Moreover, firms can develop a sophisticated information technology (IT) system that restricts or tacks access to vital knowledge. Besides legal and technology protection, firms should contract with employees regarding the protection of confidential information, and should also establish employee rules of conduct and design jobs so as to incorporate security-oriented KM processes.
Knowledge management effectiveness
The knowledge-based theory of the firm considers knowledge to be the firm's most strategically significant resource, because knowledge-based resources are generally difficult to imitate and socially complex, and heterogeneous knowledge bases and the firm's capabilities are the main determinants of sustained competitive advantage and superior organizational performance [22] . Grant [23] also argued that knowledge begins with the individual, and firms need to integrate this knowledge using a combination of mechanisms and technology, and then improve organizational performance. Moreover, effective KM is considered essential to success in contemporary organizations [24, 25] . KM effectiveness is measured in terms of realizing successful outcomes of KM processes, including generating, sharing and applying knowledge, increasing knowledge satisfaction and enhancing organizational performance [26, 27] . The ultimate goal of KM is to transfer the experience and knowledge of all individuals to organizational assets and resources, to improve overall organizational performance. Individual-level KM effectiveness, which is facilitated with the support of KM processes, enables individuals to expand their knowledge and learning ability, and thus facilitates effective KM at the organizational level. Sabherwal and Becerra-Fernandez [28] also stated that individual-level KM effectiveness contributes significantly to organizational-level KM effectiveness.
Based on the above discussion, this study considers KM effectiveness as a two-dimensional construct, involving individual-level KM effectiveness and organization-level KM effectiveness. Individual knowledge use and acquisition depends on the perceptual filters through which individuals interpret events and actions [29] . Individual-level KM effectiveness focuses on the perceptions of individuals involved in KM efforts. It measures whether employees receive and understand the knowledge required to perform their tasks. Organization-level KM effectiveness, in terms of improving organizational innovativeness and performance, represents the key contribution of KM, including improved organizational effectiveness, enhanced ability to innovate, more coordinated efforts, and rapid commercialization of new products or services.
Knowledge management stage models
A KM maturity model helps an organization to assess its relative progress in implementing KM. Various KM maturity models are proposed and validated with multiple KM research. These models were developed from different perspectives. For example, Xu and Quaddus [30] regarded the adoption of KM systems as an innovation diffusion process and proposed a six-stage model. The six stages are initiation, adoption, pilot implementation, organic growth, organizational implementation, and diffusion [30] . Lee and Kim [31] proposed that the organizational capability of KM grows through the following four stages: initiation, propagation, integration, and networking. Arguing that KM is an important determinant of police performance in the value shop, Gottschalk [32] suggested a KM technology stage model which consists of four stages: end user tools, who knows what, what they know, and how they think. However, the above stage approaches for KM involve the application of corporate knowledge resources and IT applications, and little empirical research has focused on a holistic KM stage model to examine whether KM can be adapted over time through the development of process characteristics and the improvement of effectiveness.
Much of the literature on KM demonstrates that socio-technical support is a key issue for KM practices [8, [33] [34] [35] [36] [37] . For example, social interactions are crucial in accelerating knowledge sharing, assembling divergent resources from dispersed locations within an organization, and enhancing the effectiveness of storing individual and organizational knowledge. Furthermore, technologies can be used to nurture, capture, store and protect knowledge. Top management need to remove all obstacles to the development of KM best practice, as well as weaving socio-technical support for KM promotion. Consequently, based on the above, we assume that, first, a firm's changes in KM processes can lead to greater KM effectiveness over time, and second, socio-technical support can increase the maturity of KM practices.
Most theories have observed that KM, as an organizational development process, requires changes in individual and organizational behaviors [6, 18] . We believe that KM practices initially lack KM infrastructure, and the lack of relevant experience creates limitations. The first stage or the initiation is characterized by both organizational readiness and planning that help organizations to implement KM practices. With the evolution of KM, we expect companies to realize that KM infrastructure can increase the efficiency of KM processes. As growing numbers of organizations initiate KM efforts, KM activities become institutionalized as daily activities throughout the organization and external knowledge sources are integrated to facilitate knowledge transfer and collaboration with trading partners. Based on these perspectives, this study proposes that KM evolves through three stages: initiation, development, and mature stages. The evolution of KM thus follows a stage model in which firms adapt their KM practices to create readiness for KM efforts, build KM infrastructure, and facilitate both internal and external knowledge transfer.
Propositions
In this study, the fundamental proposition is that:
(1) KM adapts over time through the development of its process dimensions and more effective KM; and (2) Socio-technical support results in more mature KM practices.
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Synthesizing the explanations of the KM process term from the literature [6-8, 16, 18, 37] , the KM process can be described as the business process of collecting and creating useful knowledge (i.e. knowledge acquisition), storing that knowledge in a repository to enable employees to access that knowledge easily (i.e. knowledge conversion), exploiting and usefully applying knowledge (i.e. knowledge application), and preventing inappropriate knowledge use (i.e. knowledge protection). These KM processes highlight the continuous reconfiguration of the firm's knowledge-based assets, and adapt to changing market conditions to achieve organizational renewal and innovativeness. Bhatt et al. [38] argued that the key goal of KM is to achieve a balance between knowledge exploitation and knowledge exploration. Exploitation of existing knowledge is useful given a stable environment. Given environmental changes, the appropriateness of the firm's knowledge base may be reduced, and hence the ability to utilize knowledge effectively becomes essential for firms. In such conditions, firms require the ability to create new knowledge to effectively sustain their competitive advantage (i.e. knowledge exploration). The KM process should contain both knowledge exploitation and knowledge exploration to create sources of sustainable growth and pursue KM best practices.
Knowledge-based theory indicates that effectively acquiring and utilizing internal and external knowledge influences a firm's ability to implement KM, adapt to its changing environment and remain competitive [12, 39] . Moreover, previous studies have also argued that the effectiveness of KM practices depends on the persistent development of KM processes, for example capturing, structuring, utilizing, and protecting existing knowledge [8, 23, 37] . KM thus can be considered as a change process in which movement through the different stages is influenced by process characteristics that include knowledge acquisition, conversion, application, and protection. We propose: Proposition 1. KM practices will evolve when a firm increases its ability to acquire, convert, apply, and protect knowledge.
KM involves a dynamic capacity of the firm that evolves over time [8, 13] . We expect that changes in knowledge utilization capabilities will increase the level of KM effectiveness. This leads to: Proposition 2. KM effectiveness increases with the evolution of KM practices.
Research concerning the factors affecting KM has identified a number of different variables, from 'social' issues such as employee attitudes, top management support and social interaction culture [33] [34] [35] to 'technical' issues such as IT diffusion [40, 41] . There are many organizations that relate KM to the implementation of new IT-based systems, neglecting organizational aspects such as human and social issues [42] . Therefore, to implement KM processes so as to create a knowledge environment, organizations need to provide and support several categories of KM capabilities by deploying currently available socio-technical resources. Both social and technical variables are key determinants of the effectiveness of organizational execution of KM. We expect socio-technical support to act as a catalyst for stimulating KM evolution. We propose: Proposition 3. More mature KM practices are characterized by higher levels of organizational support and IT diffusion. Figure 1 illustrates the basic premise of the study (stages of KM), namely conceptualizing on a continuum the stages followed by the growth of KM practices. The KM stage model consists of three stages. In the first or initiation stage, the firm begins to recognize the importance of KM and prepare for KM efforts. During the development stage, the firm begins to invest in building KM infrastructure to facilitate and motivate knowledge activities. At the mature stage, organizational knowledge is networked not only within an organization but also with external partners.
Methodology

Data and sample
The survey questionnaire was designed on the basis of a comprehensive literature review and was refined through rigorous pre-testing. The pre-testing focused on instrument clarity, question wording Hsiu-Fen Lin and validity. During the pre-testing, three MIS professors were invited to comment on the questions and wordings. Three KM administrators then examined the revised questionnaire. These KM administrators were given the questionnaire and asked to examine it for meaningfulness, relevance, and clarity.
The study population consisted of senior executives in Taiwanese companies. The questionnaire was targeted at senior executives who have wide experience and are best positioned to assess their organizational KM activities and effectiveness [8, 34] . The survey questionnaire was sent to 600 senior executives of organizations randomly selected from the Top 2000 Firms list published by China Credit Information Service, Ltd in 2005, which listed the 2000 largest firms in Taiwan. The final questionnaires were mailed to the 600 senior executives in the summer of 2006. A covering letter explaining the study objectives and a stamped return envelope were enclosed. Additionally, a definition and description of KM processes was included in the initial portion of the questionnaire to ensure that all respondents shared a similar conception of the nature of KM activities, and to minimize confusion. Follow-up letters also were sent about three weeks after the first mailings.
A total of 141 usable questionnaires were returned, for a response rate of 23.5%. The majority of respondents were from manufacturers, representing 49.7% of the sample. The next highest were from banking, finance and insurance entities, representing 19.2% of the sample. The remaining categories exhibit a modest range of representation from a minimum of 1.1% (foods) to a maximum of 8.3% (wholesale). The sample was almost evenly split between 0-1000 employees (57.2%) and greater than 1000 employees (42.8%). The respondents themselves had senior representation, with 77% assuming the position of chief knowledge officer, chief information officer, chief operating officer, vice president, or chief executive officer.
Variables measurement
The complete set of measures for four KM process variables, two KM effectiveness dimensions, two socio-technical support variables, and the KM stage construct is described in the Appendix. Fivepoint Likert-type scales were used except in the item for the KM stage. Respondents gave the extent to which they agreed or disagreed with each statement in the constructs. Moreover, following Anderson and Gerbing's [43] suggestion that it is necessary to examine the reliability and validity of these variables, this study employed the statistical technique of confirmatory factor analysis using LISREL 8.3 software [44] .
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Mature stage
Organizational knowledge is networked not only within an organization but also with external partners
Initiation stage
The firm begins to recognize the importance of KM and prepare for KM efforts
Development stage
The firm begins to invest in building KM infrastructure to facilitate and motivate knowledge activities KM effectiveness
Socio-technical support Process adaptation
Stage of KM 
Knowledge management processes
The KM process was measured using the following four constructs: knowledge acquisition, knowledge conversion, knowledge application, and knowledge protection, derived from those proposed by Gold et al. [8] . Table 1 presents the results of testing the psychometric properties for measuring KM processes. It can be observed that all the indicators of goodness of fit show their adaptation to the corresponding recommended critical values. Moreover, to ensure the reliability of the scale, this study calculated composite reliability coefficients in compliance with Bagozzi and Yi [45] . As presented in Table 1 , the composite reliability coefficients are over the recommended minimum value of 0.6 in all constructs. Table 1 also indicates that all the coefficients between the items and factors are higher than 0.5 and significant (p < 0.01) which, according to Anderson and Gerbing [43] , is a guarantee of convergent validity. Finally, according to the procedure suggested in Hair et al. [46] , the discriminatory validity between each pair of constructs is guaranteed, as no pair of measures had correlations exceeding the criterion (0.9 and above), implying that no multicollinearity exists among the various constructs.
5.2.2.
Knowledge management effectiveness KM effectiveness was measured using the two dimensions operationalized by Lee and Choi [47] and Wu and Tsai [48] . Individual-level KM effectiveness refers to whether employees receive and understand the knowledge needed to perform their jobs. Organization-level KM effectiveness is assessed based on the key contribution of KM, including improved organizational effectiveness, enhanced ability to innovate, improved coordination of efforts, and rapid commercialization of new products or services. The results of the evaluation process are shown in Table 2 . As may be observed, all the indicators of goodness of fit are within the most conservative limits recommended for each of them. Furthermore, the composite reliability of all constructs exceeded the benchmark of 0.6 and all the coefficients between the items and factors are positive and significant (p < 0.01), which is a guarantee of scale reliability and convergent validity. Likewise, the correlations of any pair of measures did not exceed the criterion (0.9 and above), which is a guarantee of discriminatory validity.
Socio-technical support
The two variables of the socio-technical perspectives, organizational support and IT diffusion, were measured using guidelines from the literature. Organizational support is measured based on support for KM by top management attitudes, stimulus for developing new ideas, and reward systems in inducing KM practices [49, 50] . IT diffusion refers to the degree of technological usability and capability regarding KM. It is measured by whether IT usage can influence employees to collaborate with other persons inside and outside the organization [8, 47] . The results of the process of evaluation of the developed scales are shown in Table 3 . According to these results, there is a reasonable fit between the model and the data. It can be observed that the indicators of goodness of fit are within the most conservative limits recommended for each of them. Moreover, scale reliability is high since the composite reliability coefficient exceeds 0.6. Furthermore, on examining the coefficients between items and factors, the existence of convergent validity is verified, as all of them exceed 0.5 and are significant (p < 0.01). Finally, the correlations of any pair of measures did not exceed the criterion (0.9 and above), indicating the measure has adequate discriminatory validity.
Knowledge management stages
The KM stage construct was measured with descriptions of the three KM stages. Respondents selected the KM stage that best fitted their firm. This measurement method resembles that of Lin and Lee [11] and Teo and Pian [51] . The three stages of KM are further discussed below.
Results and discussion
Data analysis and results
A significant number of respondents classified their KM practices as being in one of the three stages: 26% (n = 37) in the initiation stage, 52% (n = 73) in the development stage and 22% (n = 31) in the mature stage. This indicated that the majority of the firms are still refining their KM practices and only 22% of firms consider themselves mature. Tables 4 and 5 provide the means and standard deviations for each of four KM process variables and two KM effectiveness dimensions across the three stages. These results illustrate a clear pattern for both sets of variables consistent with the propositions. As KM evolves a firm increases its KM process capability such as acquiring knowledge, converting it into useful forms, applying or using it, and protecting it. Table 6 lists the statistical significance of these results over the three KM stages. The unambiguous monotonically increasing trend provides what we believe to be significant support for Proposition 1. Table 5 illustrates KM effectiveness. The results show that firms with more mature KM practices tend to contribute greater business value under certain specific circumstances, such as perceived effectiveness of KM at the individual level and at organizational level. Table 7 provides strong statistical support for the significance of these differences, thereby supporting Proposition 2. Tables 8 and 9 use Tukey's studentized range to test for the differences in individual stages. With respect to the KM process (Table 8 ), significant differences (at p < 0.05) were obtained for all but one of the variables in adjacent stages. The exception was that knowledge protection did not differ significantly between the initiation and development stages. While knowledge protection is more gradual when KM evolves during the latter stages, this might be explained by the fact that protecting knowledge is inherently difficult, and firms have little planning experience regarding the development of protocols and policy guidelines which recognize and promote rights of knowledge during KM initiation and adoption. Table 9 illustrates the results related to KM effectiveness dimensions. The results clearly indicate that, even across temporally adjacent stages, individual-level and organization-level effectiveness statistically improves. That is, a clear pattern of improvement in KM effectiveness exists. Moreover, Table 10 illustrates the differences in socio-technical support variables across the three KM stages.
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Journal of Information Science, XX (X) 2007, pp. 1-17 © CILIP, DOI: 10.1177/0165551506076395 10 Both organizational support and IT diffusion are significantly different across the three stages. This result supports Proposition 3. It also supports the assumption that socio-technical support (e.g. strategy and leadership, corporate culture, IT diffusion, etc.) are the key influence on the evolution of KM. This provides further support for the hypothesis that KM stages represent a change process, since both organizational support and IT diffusion facilitate KM process adaptation to facilitate continued learning and change.
Discussion of findings
The results provide quite strong support for all three propositions. Given the care taken in measuring and validating variables, this procedure implies that the propositions have a reasonable theoretical basis. This study focuses on obtaining four findings. First, it identified three stages of KM based on filed studies and literature review, and it sampled significant numbers of respondents in each stage. Second, given the cross-sectional nature of the sample, this study found that firms in each of the stages followed a predictable pattern in terms of KM process dimensions. Third, firms with greater experience of KM practices and having reached a more mature stage had better individual-level and organization-level KM effectiveness. Finally, firms at more mature stages of KM experienced both greater organizational support and higher IT diffusion. Consequently, this study shows the existence of qualitative differences in KM process, KM effectiveness, and socio-technical support among each of the three stages. Three stages of KM evolution involve a process of change, during which firms evolve and increase their adaptive capacity. The changes during these three stages were based on organizational KM capability. The possible manifestations of the three stages of KM are described below.
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Stage 1: initiation stage
Firms are beginning to recognize the importance of organizational KM and prepare for KM efforts. During this stage, firms must carefully define why KM is to be implemented and what criteria will be addressed in evaluating knowledge usefulness. It is necessary to increase employee understanding of the successes and failures of knowledge activities in organizational settings. Additionally, firms should clearly specify shared KM visions and goals and disseminate them throughout the organization through diverse KM-based resources such as manpower, and managerial and IT efforts. For example, by emphasizing organizational social resources such as education and training, reward systems, and recruiting policies, as well as IT capabilities such as online databases, data warehousing, groupware, intranet, and virtual communities, firms are likely to have high absorptive capacity to utilize internal and external knowledge. During this stage, the ability of KM process activities is limited since a complete KM infrastructure is not yet defined and implemented. Hence, the KM process is limited to reflecting improvement in individual-level and organization-level KM effectiveness. Most firms in this stage recognize that the ability to acquire and utilize knowledge effectively is critical for their innovation activities and performance, stimulating the need for the promotion of KM practices. Building a special team for initiating KM and acquiring the necessary human resources, IT infrastructure and budget are prerequisites for KM activities.
Stage 2: development stage
During the development stage, firms begin to invest in building KM infrastructure to facilitate and motivate knowledge activities such as acquiring or creating, storing, sharing, utilizing, and protecting knowledge. Most firms at this stage intend to build KM infrastructure and facilitate KM process activities. KM infrastructure includes knowledge strategy, organizational culture, organizational structure, and human resource policies. Furthermore, a holistic KM process is defined and applied enterprise-wide during this stage, consisting of related rules and policies and a permanent team for acquiring, converting, applying, and protecting knowledge. During this stage, IT diffusion is greater and top management become more actively interested and involved in KM practices. For example, the ability of IT to increase the knowledge base available to individual employees and allow employees to work together enables organizations to increase employee productivity and is compatible with organizational policies for facilitating KM process activities. Moreover, as more firms have undertaken KM programs, the position of chief knowledge officer (CKO) has emerged to coordinate the KM infrastructure components and KM process activities [1] . The CKO is also responsible for ensuring the existence of an appropriate KM process for effective KM. Firms that assist employees in creating and using knowledge and that establish appropriate knowledge networks can encourage employees to assimilate new knowledge more effectively, as well as profiting from organizational performance.
Stage 3: mature stage
The mature stage occurs when organizational knowledge is networked not only within an organization but also with external partners such as suppliers and customers. This stage represents the steady state in which KM can effectively adapt to change and enhance organizational performance. The application of knowledge for work-related problems becomes a regular day-to-day activity during this stage. Firms with proficiency in acquiring, converting, utilizing, and protecting knowledge are more skilled in developing profitable KM effectiveness. KM practices are emerging sets of organizational design and operational principles, processes, organizational structures, applications and technologies that help knowledge workers to leverage their creativity and ability to deliver value. Moreover, a firm's long-term competitiveness increasingly depends not only on its internal KM capabilities, but also on external cooperation relationships with other firms. During this stage firms start to focus their organizational efforts on specialized core knowledge and to outsource other needed knowledge from outside. However, knowledge creation and transfer among different organizations is challenging [23] . Chen [52] noted that absorptive capacity is an essential feature for firms in transferring knowledge from external partners. Therefore, top management needs to recognize that the development of absorptive capacity within firms is a necessary condition for successful exploitation of outside knowledge.
Conclusions
This study makes theoretical and empirical contributions as follows: first, it contributes to the theoretical development of a stage model for KM. The literature contains little investigation of KM, which forms an evolutionary pattern as firms' experience of adaptation grows through the dimensions of KM process, KM effectiveness, and socio-technical support. This study used an extensive literature review to build propositions between these dimensions and the evolution of KM. The second contribution is the derivation of empirical support for proposition prediction using data from actual respondents. The empirical evidence from this study proves that different stages of KM evolution can clearly be distinguished across dimensions of KM process, KM effectiveness, and sociotechnical support. The findings fill the gap in the literature represented by the lack of development of a stage model of KM that can be used to help firms assess their current state of KM practice. Furthermore, the implications for practitioners and researchers and the limitations of this study are discussed below.
Implications for practitioners
The major implications are the following. First, the findings of this study can help firms assess their current KM practices to gain insights into the required direction of change. The evolution of KM leads firms to more effective KM through the processes of acquiring, converting, applying, and protecting knowledge. That is, top management seeking to establish effective KM programs must support four processes: knowledge acquisition, knowledge conversion, knowledge application, and knowledge protection. For example, knowledge acquisition, involving the collection of information and the creation of knowledge, is important because it can solve existing problems more proficiently and effectively and promote innovation, from individual to organizational levels. Knowledge conversion is the process of organizing, structuring, storing, and combining organizational knowledge for later use. This helps establish an organizational memory to provide quick and easy solutions. Knowledge application involves the utilization of the knowledge for work-related problems. The application of knowledge improves employee job satisfaction and creates business value. Knowledge protection is important to protect the creativity and interests of knowledge owners. If firms do not prevent inappropriate use of knowledge, they have difficulty in sustaining their competitive advantage. Therefore, forward-thinking firms can assess their stage of KM evolution and work to adjust their KM strategies to increase the effectiveness of their KM. Such an approach can catalyze the maturation of KM. Second, firms that exhibit expertise along with socio-technical support tend to be conducive to adopting knowledge-based capabilities that are critical for organizational success. The deployment of successful KM requires several social and technical factors. Social factors such as changing employee attitudes, top management support and reward systems, and technical factors such as IT infrastructure and information security are essential for KM. For example, the firm should cultivate a social interaction culture that encourages employees to create and share knowledge with colleagues and acts as the engine of the evolution of KM. Moreover, the path taken from 'initiation' to 'maturity' can potentially be influenced by IT diffusion. IT helps a firm generate, store, and exchange knowledge with employees, suppliers, or customers, thereby assisting the KM process. Consequently, firms should strive to balance the efficiency of the KM process with socio-technical support's potential for knowledge creation.
Limitations and future research
There are several limitations to this study, requiring further examination and additional research. First, this study focused on empirical research to examine whether KM can be adapted over time by developing process characteristics and improving effectiveness. Future studies could seek an enhanced understanding of the difference between different stages of KM evolution through structured interviews and case studies of senior executives dealing with ongoing or adopted KM practices. Second, the majority of respondents in this study were manufacturers (49.7%), which may generate inaccuracy in measurements. Interpretation of the results must consider this limitation. Future studies can examine the proposed propositions by including industry effects in the KM stage model. An intriguing future research direction would be to investigate how KM evolution differs across different industries. Third, the sample was drawn from Taiwanese senior executives. Hence, the research model should be tested further using samples from other countries, since cultural differences among organizations influence employee perceptions regarding KM, and further testing thus would provide a more robust test of the propositions. Fourth, this study uses a single respondent from each target firm, without collecting and cross-validating responses from other information in the same firm. The use of single respondents is questionable, because relying on only one informant to make complex social judgments about KM activities increases random measurement error. However, the cost of using multiple informants and the possibility of lower response rates were deterrents against the use of multiple respondents. The survey was targeted at senior executives in an attempt to minimize the common method variance. Senior executives are more objective and knowledgeable about organizational operations and strategies, and thus were in a position to answer questions pertaining to KM practices. Future research can mitigate the problem of common method bias by collecting data from more than one respondent per firm and comparing the perceptions of different groups regarding KM practices. Finally, although the scales used for measuring the KM process (e.g. knowledge acquisition, knowledge conversion, knowledge application, and knowledge protection) are similar to the existing scales, further research might consider developing more elaborate measures to enable a richer convergence of dimensions of the KM process. 
Individual-level effectiveness
Organization-level effectiveness
The available knowledge… OE1: Improves overall organizational effectiveness. OE2: Improves employee effectiveness in performing the task. OE3: Identifies new business opportunities. OE4: Coordinates the development efforts of different units. OE5: Anticipates potential market opportunities for new products/services.
Organizational support
In my organization… OS1: Top management clearly supports the role of knowledge management. OS2: Employees are encouraged to find new methods for performing a task. OS3: Employees are encouraged to interact with their colleagues. OS4: Employees are encouraged to suggest ideas for new opportunities. OS5: Reward systems are provided to induce knowledge management.
IT diffusion
IT1: Employees make extensive use of electronic storage (such as online databases and data warehousing) to access knowledge. IT2: Employees use knowledge networks (such as groupware, intranet, virtual communities, etc.) to communicate with colleagues. My organization uses technology that allows… IT3: Employees to collaborate with other persons inside the organization. IT4: Employees to collaborate with other persons outside the organization.
Knowledge management stage
What is the stage that most closely fit your organization for knowledge management practices?
• Initiation stage. My organization is beginning to recognize the importance of KM and prepare for KM efforts.
• Development stage. My organization is beginning to invest in building KM infrastructure to facilitate and motivate knowledge activities.
• Mature stage. In my organization, organizational knowledge is networked not only within the organization but also with external partners.
